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(54) SIGNAL SAMPLING AND RECOVERY METHOD AND APPARATUS APPLICABLE TO OVXDM 
SYSTEM AND OVXDM SYSTEM

(57) The present application discloses a signal sam-
pling and recovery method and apparatus applicable to
an OvXDM system, and the OvXDM system. The method
includes: constructing, based on design parameters, an
observation matrix Φ that is irrelevant to an original signal
y, wherein the observation matrix Φ is a two-dimensional
M∗S matrix, S is a length of the original signal y, and M
is smaller than S; compressing the original signal y based
on a formula Ycs = ΦY , to obtain a M∗1 compressed
signal Ycs, wherein Y is a S∗1 column vector that is ob-
tained according to the original signal y; and reconstruct-
ing the compressed signal Ycs based on a predetermined
algorithm, so as to recover the original signal y. The
present application implements accurate recovery of the
original signal at a reduced sampling rate, thereby reduc-
ing hardware requirements of the system and improving
feasibility of the technical solution.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a signal sam-
pling and recovery method and apparatus applicable to
an OvXDM system, and the OvXDM system.

BACKGROUND

[0002] In an OvXDM system, a receiving end firstly
samples a received analog signal to obtain a digital sig-
nal, and then performs subsequent processing, such as
decoding operation, on the digital signal. However, as a
total number K of times of overlapping increases, a quan-
tity of sampling points obtained by performing a sampling
operation on the signal increases, the receiving end per-
forms the sampling operation. According to the Nyquist
Sampling Theorem, a signal can be accurately recon-
structed only when a sampling rate reaches at least two
times of a bandwidth of the signal. This imposes a rela-
tively high requirement of A/D on hardware in the OvXDM
system, such that the hardware system faces high pres-
sure in terms of a sampling rate and a processing speed,
and a possibility of hardware implementation is reduced.

SUMMARY

[0003] The present application provides a signal sam-
pling and recovery method and apparatus applicable to
an OvXDM system, and the OvXDM system, wherein a
receiving end compresses an original signal such that
the signal is sampled at a relatively low sampling rate,
and reconstructs a sampled signal by using a specific
method to recover the original signal.
[0004] According to a first aspect of the present appli-
cation, the present application provides a signal sampling
and recovery method applicable to an OvXDM system,
including:

constructing, based on design parameters, an ob-
servation matrix Φ that is irrelevant to an original sig-
nal y, wherein the observation matrix Φ is a two-
dimensional M∗S matrix, S is a length of the original
signal y, and M is smaller than S;
compressing the original signal y based on a formula
Ycs = ΦY, to obtain a M∗1 compressed signal Ycs,
wherein Y is a S∗1 column vector that is obtained
according to the original signal y; and
reconstructing the compressed signal Ycs based on
a predetermined algorithm, so as to recover the orig-
inal signal y.

[0005] According to a second aspect of the present
application, the present application provides a signal
sampling and recovery apparatus applicable to an
OvXDM system, including:

an observation matrix constructing unit, configured
to construct, based on design parameters, an obser-
vation matrix Φ that is irrelevant to an original signal
y, wherein the observation matrix Φ is a two-dimen-
sional M∗S matrix, S is a length of the original signal
y, and M is smaller than S;
a compression unit, configured to compress the orig-
inal signal y based on a formula Ycs = Φ Y , to obtain
a M∗1 compressed signal Ycs, wherein Y is a S∗1
column vector that is obtained according to the orig-
inal signal y; and
a reconstructing and recovery unit, configured to re-
construct the compressed signal Ycs based on a pre-
determined algorithm, so as to recover the original
signal y.

[0006] According to a third aspect of the present ap-
plication, the present application provides an OvXDM
system, including the aforementioned signal sampling
and recovery apparatus applicable to the OvXDM sys-
tem, wherein the OvXDM system is an OvTDM system,
an OvFDM system, an OvCDM system, an OvSDM sys-
tem, or an OvHDM system.
[0007] The beneficial effects of the present application
are as follows:
In the signal sampling and recovery method and appa-
ratus applicable to an OvXDM system, and the OvXDM
system according to the aforementioned implementa-
tions, a sparsity of an original signal transmitted by a
transmitting end of the OvXDM system is fully utilized,
the signal is compressed at a receiving end to sample
the signal at a relatively low sampling rate, and a sampled
signal is reconstructed by using a specific method, so as
to recover the original signal. This implements accurate
recovery of the original signal at a reduced system sam-
pling rate, thereby reducing hardware requirements of
the system and improving feasibility of the technical so-
lution.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

FIG. 1 is schematic structural diagram of a transmit-
ting end of a conventional OvTDM system;
FIG. 2 is a schematic diagram of a parallelogram rule
for performing overlapped multiplexing and encod-
ing on an input symbol by an OvTDM system;
FIG. 3(a) is a preprocessing unit of a conventional
OvTDM receiving end;
FIG. 3(a) is a sequence detection unit of a conven-
tional OvTDM receiving end;
FIG. 4 is a diagram of a system input-output coding
tree when the total number K of times of overlapped
multiplexing of a system is 3;
FIG. 5 is a node state transferring diagram of the
system corresponding to FIG. 4;
FIG. 6 is a Trellis diagram of the system correspond-
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ing to FIG. 4 or FIG. 5;
FIG. 7 is a schematic diagram of a waveform of a
signal transmitted in frequency domain by a trans-
mitting end of an OvTDM system according to an
embodiment of the present application;
FIG. 8 is a schematic flowchart of a signal sampling
and recovery method applicable to an OvXDM sys-
tem according to an embodiment of the present ap-
plication;
FIG. 9 is a schematic flowchart of signal reconstruct-
ing and recovery in a signal sampling and recovery
method applicable to an OvXDM system according
to an embodiment of the present application;
FIG. 10 is a schematic flowchart of iterative calcula-
tion for signal reconstructing and recovery in a signal
sampling and recovery method applicable to an
OvXDM system according to an embodiment of the
present application;
FIG. 11 is a schematic diagram of comparison be-
tween an original signal and a recovered signal that
is obtained through reconstructing and recovering
by using a signal sampling and recovery method ac-
cording to an embodiment of the present application;
FIG. 12 is a schematic structural diagram of a signal
sampling and recovery apparatus applicable to an
OvXDM system according to an embodiment of the
present application;
FIG. 13 is a schematic structural diagram of a recon-
structing and recovery unit in a signal sampling and
recovery apparatus applicable to an OvXDM system
according to an embodiment of the present applica-
tion; and
FIG. 14 is a schematic structural diagram of an iter-
ation unit according to an embodiment of the present
application.

DESCRIPTION OF EMBODIMENTS

[0009] The following section further describes the
present application in detail by using specific implemen-
tations with reference to the accompanying drawings.
[0010] Rapid development of information technologies
increases people’s requirements on information drasti-
cally. The simulation of the real world and digitalization
of signal processing tools determine that signal sampling
is the only way to obtain digital information from an analog
signal source. The Nyquist Sampling Theorem is an im-
portant theoretical basis for sampling guidance. Accord-
ing to the Nyquist Sampling Theorem, a signal can be
accurately reconstructed only when a sampling rate
reaches twice of a signal bandwidth. However, as peo-
ple’s requirements on information increase, a bandwidth
of a signal that carries information is wider, and a signal
processing framework based thereon has higher require-
ments on a sampling rate and a processing speed. There-
fore, difficulties in broadband signal processing increase
drastically day by day. Specifically, for the OvXDM sys-
tem, as a total number of times of overlapping increases,

a quantity of sampling points obtained by performing a
sampling operation on the signal increases, the receiving
end performs the sampling operation. This imposes a
relatively high requirement of A/D on hardware, such that
the hardware system faces high pressure in terms of a
sampling rate and a processing speed, and a possibility
of hardware implementation is reduced.
[0011] In the present application, the OvXDM system
is an overlapped time division multiplexing (OvTDM) sys-
tem, an overlapped frequency division multiplexing
(OvFDM) system, an overlapped code division multiplex-
ing (OvCDM) system, an overlapped space division mul-
tiplexing (OvSDM) system, or an overlapped hybrid divi-
sion multiplexing (OvHDM) system.
[0012] An OvTDM system is used as an example. First-
ly, a transmitting end and a receiving end of the system
are briefly described.
[0013] FIG. 1 shows a transmitting process of the OvT-
DM transmitting end. Specific steps are described as fol-
lows:

(1) Firstly, generating an envelope waveform h(t) of
a transmitting signal.
(2) Shifting the envelope waveform h(t) generated in
the step (1) by a predetermined time interval, to gen-
erate envelope waveforms h(t-i3ΔT) of a to-be-
transmitted signal at various moments.
(3) Multiplying a to-be-transmitted symbol xi by the
envelope waveforms h(t-i3ΔT) of corresponding
moments generated in the step (2), to generate to-
be-transmitted waveforms xih(t-i3ΔT) at various mo-
ments.
(4) Superimposing the to-be-transmitted waveforms
xih(t-i3ΔT) generated in the step (3), to generate a

waveform of the transmitting signal, wherein the
transmitting signal may be represented as

 
An overlapped multiplexing method complies with a
parallelogram rule shown in FIG. 2.
The transmitting end transmits an encoded and mod-
ulated signal by an antenna, and the signal is trans-
mitted in a radio channel. The receiving end performs
matched filtering on the received signal; then sepa-
rately performs sampling and decoding on the signal;
and performs a final decision on the signal and out-
puts a bit stream.
FIG. 3 shows a receiving process at an OvTDM re-
ceiving end. FIG. 3(a) is a preprocessing unit of the
OvTDM receiving end, and FIG. 3(b) is a sequence
detection unit of the OvTDM receiving end. Specific
steps are described as follows:
(5) Firstly, synchronizing the received signal, where-
in the synchronization operation includes carrier syn-
chronization, frame synchronization, symbol syn-
chronization, time synchronization, and the like.
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(6) Performing digital processing on the received sig-
nal in each frame based on a sampling theorem.
(7) Segmenting the received waveform based on a
waveform transmission time interval.
(8) Decoding the waveform obtained after segment-
ing based on a decoding algorithm.

For example, performing the decoding operation through
Viterbi decoding.
[0014] For a decoding process, referring to FIG. 4 to
FIG. 6. FIG. 4 is a diagram of a system input-output cod-
ing tree when the total number K of times of overlapped
multiplexing is 3, FIG. 5 is a node state transferring dia-
gram of the corresponding system, and FIG. 6 is a trellis
diagram of the system.
[0015] The aforementioned OvTDM system is still
used as an example, this embodiment describes a com-
pressed transmitting process by using a simple param-
eter as an example. Example A: it is assumed that a
length N of bit information is 100, the total number K of
times of overlapping is 4, a sampling multiple on each bit
is represented as sample, wherein sample = 10; and a
waveform is multiplexed by using the Chebyshev’s the-
orem. The transmitting end firstly performs BPSK mod-
ulation on the 100 bits; performs a convolutional opera-
tion on a rectangular wave and the modulated bits, to
obtain S sampling points, wherein S = (N + K - 1) ∗ sample,
that is, 1030 sampling points; and transmits an encoded
and modulated signal through an antenna. After the re-
ceiving end receives, through an antenna, a signal y that
is transmitted through a channel, a relatively high sam-
pling rate is required so as to recover the signal.
[0016] The inventor discovered through research and
practice that a signal transmitted by the transmitting end
of an OvXDM system is sparse because a waveform is
multiplexed. Therefore, the inventor fully utilizes a spar-
sity of the original signal transmitted by the transmitting
end of the OvXDM system to compress a signal at the
receiving end, such that the original signal is sampled at
a relatively low sampling rate and the sampled signal is
reconstructed by using a specific method to recover the
original signal. Specific inventive concepts and principles
are described as the following section.
[0017] When a signal is sparse in a transformation do-
main, an observation matrix irrelevant to a transform ba-
sis may be used to project a high-dimensional signal ob-
tained by transforming to a low-dimensional space, and
an original signal can be reconstructed with high proba-
bility from the small amount of projection by solving an
optimization problem, wherein the projection includes
sufficient information for reconstructing the signal. In this
way, a sampling rate is not determined by a bandwidth
of the signal. In the present application, the signal can
be accurately or approximately reconstructed by collect-
ing a small quantity of signal projection values by using
the sparsity of the original signal (the signal transmitted
by the transmitting end of the OvXDM system, that is,
the signal received by the receiving end of the OvXDM

system). Information compression is realized during
sampling.
[0018] It is assumed that there is a one-dimensional
discrete time signal X whose real value is a definite
length, an element of the signal X is xn,n = 1 - N, and the
signal X can be considered as an N∗1 dimensional col-
umn vector in RN space.

Sampling and compressing:

(1) Constructing an orthogonal basis Ψ.

[0019] It is assumed that any signal in the RN spaces
can be represented by using a linear combination of a

N∗1-dimensional base vector  wherein the

base vector is orthonormal. The base vector 
is used as a column vector, to form an N∗N base matrix
Ψ = [Ψ1,Ψ2,...ΨN]. Therefore, any signal X can be repre-

sented as  or X = ΨΘ, where Θ is a column
vector of a projection coefficient N∗1. Persons skilled in
the art can understand that X and Θ are equivalent rep-
resentation of the same signal, where X is a representa-
tion of the signal in time domain, and Θ is a representation
of the signal in Ψ domain. If a total number of non-zero
value in Θ is much smaller than N, which indicates that
the signal is sparse and compressible.

(2) Constructing a measurement basis Φ.

[0020] Designing a stable M∗N-dimensional observa-
tion matrix Φ that is irrelevant to the transform basis Ψ.

(3) Compressing the signal.

[0021] A measurement set Y = ΦΘ = ΦΨTX is obtained
by measuring signal Θ in Ψ domain, where the measure-
ment set may also be represented as Y = AcsX, Acs =
ΦΨ, and Acs is referred as a compressed sensing (CS)
information operator and has a size of M∗N. Because Φ
is an M∗N matrix and Θ is an N∗1 matrix, a size of Y
obtained through linear multiplying is M∗1, that is, a length
of a signal at a length of N is changed to M after com-
pressing in Ψ domain.
[0022] The aforementioned is a process of compress-
ing the original signal at a relatively low sampling rate.
Then, the original signal is reconstructed according to a
compressed sampling signal. Multiple signal reconstruct-
ing methods are available, for example, a basic pursuit
method (BP), a matching pursuit method (MP), and an
orthogonal matching pursuit method (OMP). The orthog-
onal matching pursuit method is used as an example to
describe a signal reconstruction process.
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Reconstruction process:

[0023]

(4) Initializing margin r0 = y, reconstructed signal x0
= 0, index set Γ0 = φ, and a total number n of iteration
times that is started from 0.
(5) Calculating an inner product of the margin and
each column of a sensing matrix φ: 

(6) Obtaining an index k corresponding to an ele-
ment, having a maximum absolute value, in gn,

where k meets  
(7) Updating an original subset φΓn = φΓn-1U{ϕk} and
a new index set Γn = Γn-1U{k}.
(8) Calculating an approximate solution of the signal
by using a least square method: 

(9) Calculating and updating the margin: r0 = y - φxn.
(10) Updating the total number n of iteration times
to n=n+1, and determining whether an iterative stop-
ping condition is met. If the iterative stopping condi-
tion is met, x = xn, r = rn, and x,r is outputted; if the
iterative stopping condition is not met, the process
returns to step (5) and subsequent steps are per-
formed, x is a reconstructed and recovered signal.

[0024] The aforementioned section describes the con-
cept and principle of a signal sampling and recovery
method and apparatus applicable to an OvXDM system,
and the OvXDM system of the present application. The
following describes the present application in detail.
[0025] Because of a multiplexed waveform feature of
OvXDM, a transformation domain can be found for an
original signal, and the signal is sparse in the transfor-
mation domain. For example, for a signal in an OvTDM
system, the signal is sparse in frequency domain. A spec-
tral bandwidth of OvTDM is shown in FIG. 7. A system
bandwidth is fs, but actually, an effective signal exists
only in the middle of a small portion of bandwidth, and is
sparse in other areas. Therefore, it is considered that an
OvTDM signal is compressible. Similarly, it can also be
proved that a signal of an OvFDM system is sparse in
time domain. After a frequency-domain signal is trans-
formed into a time-domain signal, energy exists only in
a limited time, and energy in other times is gradually
weakened. Therefore, an OvFDM signal is also com-
pressible.
[0026] In a signal sampling and recovery method ap-
plicable to an OvXDM system (hereinafter referred to as

the signal sampling and recovery method) according to
the present application, in one embodiment, the OvXDM
system is an OvTDM system, an OvFDM system, an
OvCDM system, an OvSDM system, or an OvHDM sys-
tem. Referring to FIG. 8, the signal sampling and recov-
ering method according to the present application in-
cludes steps S100 to S500.
[0027] Step S100: constructing, based on design pa-
rameters, an observation matrix Φ that is irrelevant to an
original signal y, wherein the observation matrix Φ is a
two-dimensional M∗S matrix, S is a length of the original
signal y, and M is smaller than S. If a value of M is too
small, it is difficult to reconstruct the signal; and if the
value of M is too large, a compression effect cannot be
achieved. Therefore, in one embodiment, the value of M
is selected based on a sparsity of the original signal y.
For example, in an OvTDM system, an effective band-
width of a signal in the frequency domain is ten percent
of an actual bandwidth. Therefore, when M is selected,
M/S should be greater than 0.1 as much as possible.
M=200 is selected herein. In addition, generally, corre-
lation between the observation matrix and the original
signal is the smaller, the better. The observation matrix
is generated by using random normal distribution. The
original signal y herein refers to a signal transmitted by
the transmitting end of the OvXDM system.
[0028] S300: compressing the original signal y at a rel-
atively low sampling rate based on a formula Ycs = ΦY ,
to obtain a M∗1 compressed signal Ycs, wherein Y is a
S∗1 column vector that is obtained according to the orig-
inal signal y. For example, as described above, the length
of the original signal y is S, and the original signal y is
converted directly into S∗1 column vector Y. In the step
S300, the signal having a length of S is actually converted
into a signal having a length of M after sampling and
compressing.
[0029] Step S500: reconstructing the compressed sig-
nal Ycs based on a predetermined algorithm, so as to
recover the original signal y. As described above, multiple
signal reconstructing methods are available, for exam-
ple, a basic pursuit (BP) method, a matching pursuit (MP)
method, and an orthogonal matching pursuit (OMP)
method. In one embodiment, the present application us-
es the orthogonal matching pursuit method to perform
signal reconstructing and recovery. Specifically, referring
to FIG. 9. The step S500 includes steps S501 to S511.
[0030] Step S501: transforming a S∗S diagonal matrix
to a sparse domain of the original signal y, to obtain an
orthogonal transformation matrix Ψ. The sparse domain
means that the original signal y becomes sparse in this
transformation domain. As described above, a sparse
domain of an OvTDM system is a frequency domain, and
a sparse domain of an OvFDM system is a time domain.
[0031] Step S503: calculating a recovery matrix T
based on a formula T = ΦΨ’, wherein Ψ’ is a transposed
matrix of Ψ.
[0032] Step S505: setting a margin rn, an incremental
matrix Aug_t, a 1∗S to-be-reconstructed signal hat_Y in
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the sparse domain, and a total number N of iteration
times, wherein N is a nonnegative integer, an initial value
of the margin r0 is equal to Ycs, and an initial value of the
incremental matrix Aug_t is an empty matrix. In one em-
bodiment, the total number N of iteration times is selected
based on a sparsity of the original signal y. Selection of
the total number N of iteration times is similar to the se-
lection of the value of M, and the value of N may be close
or equal to the value of M. For example, in one embod-
iment, 200 may be selected as the total number N of
iteration times.
[0033] Step S507: starting to perform an iterative cal-
culation. Referring to FIG. 10. Each iterative calculation
includes steps S507a to S507f.
[0034] Step S507a: calculating an inner product gn of
the margin and each column of the recovery matrix T, to
obtain S inner products, wherein gn = T’rn-1. This step
actually calculates correlation between the recovery ma-
trix and the margin. A size of the recovery matrix T is M∗S
and a size of r0 is M∗1. An inner product value is obtained
by multiplying each column of matrix T by r0, and a total
of S inner product values are obtained. Using the afore-
mentioned example A as an example, 1030 inner product
values can be obtained in this step.
[0035] Step S507b: obtaining an index k that is corre-
sponding to an element, having a maximum absolute val-
ue, in the S inner products, wherein k meets

 
[0036] Step S507c: storing data of the kth column of
the recovery matrix T in the incremental matrix Aug_t to
extend the incremental matrix Aug_t, and resetting the
data of the kth column of the recovery matrix T to zero;
wherein when the incremental matrix Aug_t is extended
each time, data corresponding to the (n-1)th iteration
times is reserved, and data corresponding to the nth iter-
ation times is added to the end of the incremental matrix,
and n is the current iteration times.
[0037] Step S507d: calculating an approximate signal
Y of the original signal y in the sparse domain, to obtain
a formula Y = (Aug_t’ Aug_t)-1 Aug_t’∗Ycs; wherein (d)’
represents a transposed operation on a matrix, and (d)-1

represents an inversion operation on a matrix. In one
embodiment, an approximate solution of a frequency-
domain signal, that is, the approximate signal Y, can be
calculated by using a least square method.
[0038] Step S507e: Calculating a margin between a
compressed signal Ycs and the approximate signal Y,
and updating rn; wherein rn = Ycs - Aug_tY.
[0039] Step S507f: Adding 1 to n that represents the
current iteration times, so as to update the total number
of iteration times, until N iterative operations are com-
pleted. In addition, many conditions can be set for stop-
ping the iterative operation. For example, when the mar-
gin is smaller than a predetermined value, it is considered
that the signal in the sparse domain has been recovered,
and the iterative operation is stopped. Alternatively, the

total number of iteration times may be set, and the iter-
ative operation is stopped when the total number of iter-
ation times is reached. In this embodiment, the iterative
operation is stopped by setting the total number of iter-
ation times.
[0040] Step S509: For all approximate signals Y ob-
tained in the N iterative operations, updating, according
to the index k obtained in each iterative operation, the
approximate signal Y obtained in each iterative operation
to a column that is corresponding to the index k and is in
the matrix of the to-be-reconstructed signal hat_Y in the
sparse domain. For example, when the total number of
iteration times is 200, in this step, 200 approximate sig-
nals Y are obtained through 200 iterative operations.
Each approximate signal Y is updated, according to the
index k obtained in the step S507b, to a column that is
corresponding to the index and is in the matrix of the to-
be-reconstructed signal hat_Y in the sparse domain, so
as to obtain S vectors. In the column of the matrix, there
are only 200 data, and others are all zero; which corre-
sponds to sparse signal distribution in the sparse domain.
[0041] Step S511: Recovering the original signal y
based on a formula y = Ψ ∗ hat_Y. An OvTDM system is
still used as an example, this step is to recover, by using
a transform matrix Ψ, a time-domain signal y = Ψ ∗ hat_Y
corresponding to a compressed spectral-domain signal,
wherein a length of the time-domain signal is S, and y is
the recovered original signal. It can be seen from FIG.
11 that the reconstructed signal has recovered the orig-
inal signal at high accuracy.
[0042] The aforementioned section is the signal sam-
pling and recovery method applicable to an OvXDM sys-
tem according to present application. Correspondingly,
the present application further proposes the OvXDM sys-
tem, including a signal sampling and recovery apparatus
applicable to the OvXDM system, wherein the OvXDM
system is an OvTDM system, an OvFDM system, an
OvCDM system, an OvSDM system, or an OvHDM sys-
tem. For the signal sampling and recovery apparatus ap-
plicable to an OvXDM system according to present ap-
plication, referring to FIG. 12. The apparatus includes an
observation matrix constructing unit 100, a compression
unit 300, and reconstructing and recovery unit 500.
[0043] The observation matrix constructing unit 100 is
configured to construct, based on design parameters, an
observation matrix Φ that is irrelevant to an original signal
y, wherein the observation matrix Φ is a two-dimensional
M∗S matrix, S is a length of the original signal y, and M
is smaller than S. If a value of M is too small, it is difficult
to reconstruct the signal; and if the value of M is too large,
a compression effect cannot be achieved. Therefore, in
one embodiment, the observation matrix constructing
unit 100 further includes a first value assignment unit
101, configured to select a value of M based on a sparsity
of the original signal y. For example, in one example of
an OvTDM system, an effective bandwidth of a signal in
the frequency domain is ten percent of an actual band-
width. Therefore, when M is selected, M/S should be

9 10 

^

^

^

^

^

^

^

^

^



EP 3 525 371 A1

7

5

10

15

20

25

30

35

40

45

50

55

greater than 0.1 as much as possible. M=200 is selected
herein. In addition, generally, correlation between the ob-
servation matrix and the original signal is the smaller, the
better. The observation matrix is generated by using ran-
dom normal distribution. The original signal y herein re-
fers to a signal transmitted by the transmitting end of the
OvXDM system.
[0044] The compression unit 300 is configured to com-
press the original signal y at a relatively low sampling
rate based on a formula Ycs = ΦY, to obtain a M∗1 com-
pressed signal Ycs, wherein Y is a S∗1 column vector that
is obtained according to the original signal y.
[0045] The reconstructing and recovery unit 500 is con-
figured to reconstruct the compressed signal Ycs based
on a predetermined algorithm, so as to recover the orig-
inal signal y. Many signal reconstructing methods are
available for implementing the reconstructing and recov-
ery unit 500, for example, a basic pursuit (BP) method,
a matching pursuit (MP) method, and an orthogonal
matching pursuit (OMP) method. In present application,
the reconstructing and recovery unit 500 is implemented
by using a principle in which the orthogonal matching
pursuit method is used to perform signal reconstructing
and recovery. Specifically, referring to FIG. 13. The re-
constructing and recovery unit 500 includes a transfor-
mation matrix constructing unit 501, a recovery matrix
calculating unit 503, a setting unit 505, an iteration unit
507, a reconstruction unit 509, and a recovery unit 511.
[0046] The transformation matrix constructing unit 501
is configured to transform a S∗S diagonal matrix to a
sparse domain of the original signal y, to obtain an or-
thogonal transformation matrix Ψ.
[0047] The recovery matrix calculating unit 503 is con-
figured to calculate a recovery matrix T based on a for-
mula T = ΦΨ’, wherein Ψ’ is a transposed matrix of Ψ.
[0048] The setting unit 505 is configured to set a margin
rn, an incremental matrix Aug_t, a 1∗S to-be-reconstruct-
ed signal hat_Y in the sparse domain, and a total number
N of iteration times, wherein N is a nonnegative integer,
an initial value of the margin r0 is equal to Ycs, and an
initial value of the incremental matrix Aug_t is an empty
matrix.
[0049] The iteration unit 507 is configured to perform
an iterative calculation. Referring to FIG. 14, the iteration
unit 507 includes an inner product calculating unit 507a,
a searching unit 507b, an extension unit 507c, an ap-
proximate signal calculating unit 507d, a margin calcu-
lating unit 507e, a first updating unit 507f, and a second
updating unit 507g. In one embodiment, the iteration unit
507 may further include a second value assignment unit
507h.
[0050] The inner product calculating unit 507a is con-
figured to calculate an inner product gn of the margin and
each column of the recovery matrix T, to obtain S inner
products, wherein gn = T’rn-1.
[0051] The searching unit 507b is configured to obtain
an index k that is corresponding to an element, having a
maximum absolute value, in the S inner products, where-

in k meets  
[0052] The extension unit 507c is configured to store
data of the kth column of the recovery matrix T in the
incremental matrix Aug_t to extend the incremental ma-
trix Aug_t, and reset the data of the kth column of the
recovery matrix T to zero; wherein when the incremental
matrix Aug_t is extended each time, data corresponding
to the (n-1)th iteration times is reserved, and data corre-
sponding to the nth iteration times is added to the end of
the incremental matrix, and n is the current iteration
times.
[0053] In one embodiment, the second value assign-
ment unit 507h is configured to select the total number
N of iteration times based on a sparsity of the original
signal y.
[0054] The approximate signal calculating unit 507d is
configured to calculate an approximate signal Y of the
original signal y in the sparse domain, to obtain a formula
Y = (Aug_t’Aug_t)-1 Aug_t’∗Ycs; wherein (d)’ represents
a transposed operation on a matrix, and (d)-1 represents
an inversion operation on a matrix.
[0055] The margin calculating unit 507e is configured
to calculate a margin between the compressed signal Ycs
and the approximate signal Y.
[0056] The first updating unit 507f is configured to up-
date rn; wherein rn = Ycs - Aug_tY.
[0057] The second updating unit 507g is configured to
add 1 to n that represents the current iteration times, so
as to update the total number of iteration times, until N
iterative operations are completed.
[0058] The reconstructing unit 509 is configured to: for
all approximate signals Y obtained in the N iterative op-
erations, update, according to the index k obtained in
each iterative operation, the approximate signal Y ob-
tained in each iterative operation to a column that is cor-
responding to the index k and is in the matrix of the to-
be-reconstructed signal hat_Y in the sparse domain.
[0059] The recovery unit 511 is configured to recover
the original signal y according to a formula y = Ψ∗hat_Y.
[0060] In the present application, a sparsity of the orig-
inal signal transmitted by the transmitting end of the
OvXDM system is fully utilized; and the receiving end
compresses the original signal such that the signal is
sampled at a relatively low sampling rate, and recon-
structs a sampled signal by using a predetermined meth-
od to recover the original signal. Specifically, in the
present application, a signal is described by using other
transforming spaces, and a new theoretical framework
for signal description and processing is established, to
ensure that the original signal is sampled at a sampling
rate much lower than a sampling rate required by the
Nyquist Sampling Theorem without losing information.
In addition, the original signal can be completely recov-
ered according to the sampled signal. In this way, re-
quirements of hardware are greatly reduced in system
design, and feasibility is also greatly improved. This
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solves the problems that hardware implementation is dif-
ficult and feasibility of the technical solution is reduced
because when the total number of times of overlapping
in an OvXDM system is relatively large, the receiving end
needs to use a relatively high sampling rate and process-
ing speed to recover the original signal. When the total
number of times of overlapping is relatively large, the
present application implements accurate recovery of the
original signal at a reduced system sampling rate, there-
by reducing hardware requirements of the system and
improving feasibility of the technical solution.
[0061] The aforementioned contents are further de-
tailed descriptions of the present application in combina-
tion with specific implementation, and it cannot be con-
strued that specific implementations of the present ap-
plication is only restricted to these descriptions. Persons
with ordinary skills in the art may still make several simple
deductions or replacements without departing from the
inventive concepts of the present application.

Claims

1. A signal sampling and recovery method applicable
to an OvXDM system, comprising:

constructing, based on design parameters, an
observation matrix Φ that is irrelevant to an orig-
inal signal y, wherein the observation matrix Φ
is a two-dimensional M∗S matrix, S is a length
of the original signal y, and M is smaller than S;
compressing the original signal y based on a
formula Ycs = ΦY, to obtain a M∗1 compressed
signal Ycs, wherein Y is a S∗1 column vector that
is obtained according to the original signal y; and
reconstructing the compressed signal Ycs based
on a predetermined algorithm, so as to recover
the original signal y.

2. The signal sampling and recovery method applicable
to an OvXDM system according to claim 1, wherein
a value of M is selected based on a sparsity of the
original signal y.

3. The signal sampling and recovery method applicable
to an OvXDM system according to claim 1, wherein
the step of reconstructing the compressed signal Ycs
based on a predetermined algorithm, to recover the
original signal y comprises:

transforming a S∗S diagonal matrix to a sparse
domain of the original signal y, to obtain an or-
thogonal transformation matrix Ψ ;
calculating a recovery matrix T based on a for-
mula T = ΦΨ’, wherein Ψ’ is a transposed matrix
of Ψ;
setting a margin rn, an incremental matrix Aug_t,
a 1∗S to-be-reconstructed signal hat_Y in the

sparse domain, and a total number N of iteration
times, wherein N is a nonnegative integer, an
initial value of the margin r0 is equal to Ycs, and
an initial value of the incremental matrix Aug_t
is an empty matrix;
starting to perform an iterative calculation,
wherein each iterative calculation comprises
steps of:

calculating an inner product gn of the margin
and each column of the recovery matrix T,
to obtain S inner products, wherein gn =
T’rn-1;
obtaining an index k that is corresponding
to an element, having a maximum absolute
value, in the S inner products, wherein k

meets  
storing data of the kth column of the recovery
matrix T in the incremental matrix Aug_t to
extend the incremental matrix Aug_t, and
resetting the data of the kth column of the
recovery matrix T to zero; wherein when the
incremental matrix Aug_t is extended each
time, data corresponding to the (n-1)th iter-
ation times is reserved, and data corre-
sponding to the nth iteration times is added
to the end of the incremental matrix, and n
is the current iteration times;
calculating an approximate signal Y of the
original signal y in the sparse domain, to
obtain a formula Y = (Aug_t’Aug_t)-1

Aug_t’∗Ycs; wherein (d)’ represents a trans-
posed operation on a matrix, and (d)-1 rep-
resents an inversion operation on a matrix;
calculating a margin between a com-
pressed signal Ycs and the approximate sig-
nal Y, to obtain a formula rn = Ycs - Aug_tY;
and
adding 1 to n that represents the current it-
eration times, so as to update a total number
of iteration times, until N iterative operations
are completed;
for all approximate signals Y obtained in the
N iterative operations, updating, based on
the index k obtained in each iterative oper-
ation, the approximate signal Y obtained in
each iterative operation to a column that is
corresponding to the index k and is in the
matrix of the to-be-reconstructed signal
hat_Y in the sparse domain;
recovering the original signal y based on a
formula y = Ψ ∗ hat_Y.

4. The signal sampling and recovery method applicable
to an OvXDM system according to claim 3, wherein
the total number N of iteration times is selected
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based on a sparsity of the original signal y.

5. The signal sampling and recovery method applicable
to an OvXDM system according to any one of claims
1 to 4, wherein the OvXDM system is an OvTDM
system, an OvFDM system, an OvCDM system, an
OvSDM system, or an OvHDM system.

6. A signal sampling and recovery apparatus applica-
ble to an OvXDM system, comprising:

an observation matrix constructing unit, config-
ured to construct, based on design parameters,
an observation matrix Φ that is irrelevant to an
original signal y, wherein the observation matrix
Φ is a two-dimensional M∗S matrix, S is a length
of the original signal y, and M is smaller than S;
a compression unit, configured to compress the
original signal y based on a formula Ycs = ΦY ,
to obtain a M∗1 compressed signal Ycs, wherein
Y is a S∗1 column vector that is obtained accord-
ing to the original signal y; and
a reconstructing and recovery unit, configured
to reconstruct the compressed signal Ycs based
on a predetermined algorithm, so as to recover
the original signal y.

7. The signal sampling and recovery apparatus appli-
cable to an OvXDM system according to claim 6,
wherein the observation matrix constructing unit fur-
ther comprises a first value assignment unit, config-
ured to select a value of M based on a sparsity of
the original signal y.

8. The signal sampling and recovery apparatus appli-
cable to an OvXDM system according to claim 6,
wherein the reconstructing and recovery unit com-
prises:

a transformation matrix constructing unit, con-
figured to transform a S∗S diagonal matrix to a
sparse domain of the original signal y, to obtain
an orthogonal transformation matrix Ψ;
a recovery matrix calculating unit, configured to
calculate a recovery matrix T based on a formula
T = ΦΨ’, where Ψ’ is a transposed matrix of Ψ ;
a setting unit, configured to set a margin rn, an
incremental matrix Aug_t, a 1∗S to-be-recon-
structed signal hat_Y in the sparse domain, and
a total number N of iteration times, wherein N is
a nonnegative integer, an initial value of the mar-
gin r0 is equal to Ycs, and an initial value of the
incremental matrix Aug_t is an empty matrix;
an iteration unit, configured to perform iterative
calculation, and comprising:

an inner product calculating unit, configured
to calculate an inner product gn of the mar-

gin and each column of the recovery matrix
T, to obtain S inner products, wherein gn =
T’rn-1;
a searching unit, configured to obtain an in-
dex k that is corresponding to an element,
having a maximum absolute value, in the S
inner products, wherein k meets

 
an extension unit, configured to store data
of the kth column of the recovery matrix T in
the incremental matrix Aug_t to extend the
incremental matrix Aug_t, and resetting the
data of the kth column of the recovery matrix
T to zero; wherein when the incremental
matrix Aug_t is extended each time, data
corresponding to the (n-1)th iteration times
is reserved, and data corresponding to the
nth iteration times is added to the end of the
incremental matrix, and n is the current it-
eration times;
an approximate signal calculating unit, con-
figured to calculate an approximate signal
Y of the original signal y in the sparse do-
main, to obtain a formula Y =
(Aug_t’Aug_t)-1Aug_t’∗Ycs; wherein (d)’
represents a transposed operation on a ma-
trix, and (d)-1 represents an inversion op-
eration on a matrix;
a margin calculating unit, configured to cal-
culate a margin between a compressed sig-
nal Ycs and the approximate signal Y, to ob-
tain a formula rn = Ycs - Aug_tY;
a first updating unit, configured to update
rn, wherein rn = Ycs - Aug_tY; and
a second updating unit, configured to add 1
to n that represents the current iteration
times, so as to update a total number of it-
eration times, until N iterative operations are
completed;
a reconstruction unit, configured to: for all
approximate signals Y obtained in the N it-
erative operations, update, based on the in-
dex k obtained in each iterative operation,
the approximate signal Y obtained in each
iterative operation to a column that is cor-
responding to the index k and is in the matrix
of the to-be-reconstructed signal hat_Y in
the sparse domain; and
a recovery unit, configured to recover the
original signal y based on a formula y =
Ψ∗hat_Y.

9. The signal sampling and recovery apparatus appli-
cable to an OvXDM system according to claim 8,
wherein the iteration unit further comprises a second
value assignment unit, configured to select the total
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number N of iteration times based on a sparsity of
the original signal y.

10. An OvXDM system, comprising the signal sampling
and recovery apparatus applicable to an OvXDM
system according to any one of claims 6 to 9.
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